AMP concentrations and cell Ca2+ mobilization (Bogart & Picarelli, 1978; Quissell et al., 1981; McPherson & Dormer, 1984b) .
We have recently shown (McPherson et al., 1984, 1985a, b ) that submandibular acinar cells from cystic fibrosis (CF) patients have decreased 0-adrenergic reponses compared with control cells. Whether this abnormality is related to the genetic defect in CF, or caused by secondary disease manifestations, is not known. However, CF patients characteristically show impaired lipid absorption and there is evidence for altered prostaglandin levels in this disease (Anderson, 1984; Goodchild et al., 1984) . Prostaglandins are released during catecholamine stimulation and are thought to modulate their actions in a variety of tissues.
In the present report, we have investigated whether prostaglandins modulate 0-adrenergic stimulation of mucin secretion in rat submandibular acinar cells and whether their responses are mediated by alteration in cyclic AMP concentration.
Rat submandibular tissue fragments or isolated acini were prepared as previously described (McPherson et al. 1983; McPherson & Dormer, 198421) . Mucin release was measured (McPherson & Dormer, 1984b) by incubation of fragments (40 mg wet wt ./ml) or acini (1 05/ml) in Krebs and Henseleit medium (KHB), containing 0.1 mg of soya bean trypsin inhibitor/ml and 2% bovine serum albumin, pH 7.5, with D-(+)-['4C]glucosamine (1-2pCi/ml) for 90 min, washing and incubating in non-radioactive KHB medium plus glucosamine for 60min. Fragments or acini were then incubated under experimental conditions for the times stated. Mucins in the medium were precipitated using a trichloroacetic acid/phosphotungstic acid solution (10%/0.5%, w/v), dissolved in NaOH (0.5 M ) and the radioactivity counted. Acini cyclic AMP concentrations were measured by radioimmunoassay (Becton Dickinson). Acini were separated from the medium by centrifugation and quenched by addition of 0.35 M-perchloric acid at 4°C. After neutralization, the supernatants were stored overnight at -70°C, centrifuged and assayed for cyclic AMP.
Our results (Table 1) showed that mucin secretion from tissue fragments or acini was increased several fold by maximally effective concentrations of isoproterenol, a stimulator of adenylate cyclase, or 3-isobutyl-1-methyl xanthine, an inhibitor of cyclic nucleotide phosphodiesterase.
Addition of prostaglandins alone did not markedly increase basal mucin secretion. Thus, PGF2&, at concentrations ranging from to M , had no effect Table 1 . Actions of agonists o n acinar cell cyclic A M P content and mucin release Kat submandibular acini were incubated under the conditions shown and mucin release and cyclic AMP concentration were measured as described in the text. Cyclic AMP was measured after 5 min; mucin release after 60 min incubation in the presence or absence of effector. Incubation medium (KHB) contained 2% bovine serum albumin. Similar results were obtained in KHB containing 0.2% bovine serum albumin (data not shown). Numbers in parentheses are the number of observations. [101.4 55.5 (n = 8) % of basal release was observed after 30min incubation with lo-' M -P G F~,~. PGE2 (lo-' M ) slightly increased both basal and isoproterenol-stimulated inucin secretion (Table 1) ; however, the values obtained were not significantly different from those in the absence In summary, it is apparent from our results that the acinar cells of the rat submandibular gland respond to prostaglandin Ez in terms of increased cyclic AMP concentration; however, the cellular functions relating to this event remain to be elucidated. Stimulation of the nicotinic receptor of bovine chromaffin cells results in net Ca2+ influx, the subsequent rise in intracellular free Ca2+ ([Ca"] i) being the trigger for catecholamine secretion (Burgoyne, 1984) . The secretory response is, therefore, totally dependent on the presence of extracellular Ca2+. Muscarinic receptor stimulation of bovine chromaffin cells has been reported to have a contributory role in the secretory process (Mohd. Adnan & Hawthorne, 1981) or to inhibit nicotine-induced release (Derome et al., 198 1). Thus current evidence concerning the function of the muscarinic receptor is largely inconclusive and, in some cases, contradictory. In the present study we have attempted to clarify the function of the muscarinic receptor by investigating the relationships between muscarinic receptor activation, intracellular free Ca2+ and catecholamine secretion.
Chromaffin cells were dissociated from the medullae of freshly excised bovine adrenal glands by enzymic digestion in Ca2+-free Krebs-Ringer buffer by the procedure of Knight & Baker, (1983) . After centrifugation the cells were resuspended in Krebs-Ringer buffer containing 3 mMCaCI2 and 0.5% bovine serum albumin.
For determination of [Ca"] Tsien et al. (1982) after lysis with 50pM-digitonin and then addition of For catecholamine release cells were incubated in Krebs-Ringer buffer containing 3 mM-CaC12 and 0.5% bovine serum albumin for 1 h, washed and challenged with the appropriate secretagogue for a specified time. After termination of the reaction by addition of an equal volume of iced Krebs-Ringer buffer containing 20 mM-EGTA, the cells were centrifuged and the supernatant assayed for catecholamine (Euler & Flooding, 1955) , which was expressed as a percentage of the total cellular catecholamine.
In order to examine the effects of muscarinic agonists on secretion due to other secretagogues the cells were preincubated with the muscarinic agonist for 3 niin.
The muscarinic agonist methacholine (3 x M ) did not promote catecholamine release itself or effect the secretory response elicited by nicotine (Fig. lc) despite raising [Ca"] by approx. 50 nM (Fig. la) . This [Ca"] i rise is atropine sensitive, occurs after a 1 0 s lag phase (Fig. la) and appears insensitive to the external [Ca"] (Fig. lb) . The existence of an intracellular Ca2+ source is thus inferred. Since muscarinic receptor activation triggers phosphoinositide breakdown (Azila & Hawthorne, 1982) and the [Ca2+Ji rise occurs after a 1 0 s lag phase, a possible candidate for the signal releasing intracellular Ca2+ could be inositol trisphosphate, as in other cell types (Berridge & Irvine, 1984) .
